
 
 

ANL/APS/TB-14 

 

 

 
APS Beamline Design and Construction Requirements:  

A Reference Manual for Designers and Builders 

 

Version 1.0 

 

 

 

 

 

 

 

May 1994 



 
 

 



iii 
 

TABLE OF CONTENTS 

 

SECTION I  DEFINITIONS, GUIDELINES, AND REVIEW CRITERIA ............................1 

1. Introduction  (July 21, 1998) ...............................................................................................1 

1.1  About the Advanced Photon Source ...........................................................................1 

1.2  About this Manual.......................................................................................................1 

2. Beamline Definitions and Responsibilities (July 21, 1998) .................................................2 

2.1  Definitions...................................................................................................................2 

2.2  Responsibilities ...........................................................................................................2 

2.2.1 APS Responsibilities .......................................................................................3 

2.2.2 CAT Responsibilities ......................................................................................3 

3. Reviews: General Information (July 21, 1998) ....................................................................4 

4. Conceptual Design Review (July 21, 1998) ........................................................................5 

5. Preliminary Beamline Design Review (December 5, 1994) ................................................7 

5.1  General Guidelines ......................................................................................................7 

5.2  Specific Guidance and Review Criteria ......................................................................7 

6. Final Design Review (January 20, 1995) ...........................................................................15 

6.1 Layout Update ...........................................................................................................16 

6.2 Component Design Update .......................................................................................16 

6.3 Schedule ....................................................................................................................17 

6.4 Safety ........................................................................................................................17 

6.5 Special Operationg Requirements Update ................................................................18 

7. Beamline Construction (July 21, 1998) .............................................................................19 

8. Beamline Commissioning (July 21, 1998).........................................................................20 

SECTION II  BEAMLINE-RELATED POLICIES .................................................................21 

1. Service-Corridor, Exit Aisles and Duck-Unders on the APS Experiment Hall Floor (May 

1994) ..................................................................................................................................21 



iv 
 

2. Guidelines for Ozone Mitigation at the APS (May 1994) .................................................22 

ACGIH Threshold Limit Values ........................................................................................22 
 



1 
 

SECTION I.  DEFINITIONS, GUIDELINES, AND REVIEW CRITERIA 

1 INTRODUCTION (Rev July 21, 1998) 

1.1 About the Advanced Photon Source 
 

The Advanced Photon Source (APS) at Argonne National Laboratory is a third-generation synchrotron 
light source optimized for using insertion devices as high-brilliance sources of hard x-rays. 
 

The forefront capabilities of the APS will be available to qualified users, who may participate at the APS 
as either members of Collaborative Access Teams (CATs) or Independent Investigators (IIs). 
 

A CAT is an entity organized to develop and operate one or more of the 35 available APS sectors. (Each 
sector consists of an insertion device beamline and an adjacent bending magnet beamline.) Each CAT will use 
its own funds to develop its sector(s), that is, to design, construct, and install the beamline components. A 
CAT must submit a scientific proposal, a conceptual design, a management plan, and construction and 
operations funding. Once these requirements have been met, the CAT and the APS sign a Memorandum of 
Understanding (MOU). [The process for the submission and review of proposals to form CATs, requirements 
for management plans, and requirements for funding letters are outlined in Guidelines and Forms for 
Proposals to Establish Collaborative Access Teams at the Advanced Photon Source (November 1990) and The 
Advanced Photon Source User Policies and Procedures (July 1993). These documents are available from the 
APS User Office. 
 

Independent Investigators do not participate in beamline design and installation; their experiments are 
conducted on beamlines constructed by CATs. However, they may wish to bring experimental equipment 
and/or optics of their own to be used on a beamline, as permitted by the host CAT. Equipment brought by the 
Independent Investigator must conform to all applicable safety regulations of the APS and the CAT and 
incorporate measures for the protection of the storage-ring vacuum and beamline components. 
 

1.2 About this Manual 
 

This manual is designed to be used as a reference tool for CATs that have received scientific proposal 
approval. Written as a guide for the design and construction of beamlines and experiment stations at the APS, 
it contains three major sections. Section I describes the structure of a beamline, defines the responsibilities 
associated with beamline design and construction, and describes the review process from conceptual design 
to operational readiness. Section II includes copies of beamline-related policies and design report guidlines, 
and Section III contains technical updates. As new guidelines, policies, and updates are developed and issued, 
they can be inserted in the appropriate sections. 
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2 BEAMLINE DEFINITIONS AND RESPONSIBILITIES (Rev. July 21, 
1998) 

2.1 Definitions 
 

Beamline: In a general sense, a beamline is the transport through which x-rays are propagated from the 
source to the experimental station. It includes the enclosure shielding, as well as the optics that define the 
beam characteristics. At the APS, the user's portion of the beamline starts at a window or differential pump, 
which isolates the downstream beamline from the front end, the radiation source and the accelerator 
systems. This pump or window is located in the experiment hall immediately outside the storage-ring 
shielding. 
 

Beam Transport: The chambers, typically vacuum chambers, through which the x-ray beam is propagated 
and which provide shielding from scattered radiation, as needed. 
 

Equipment Protection System: The equipment protection system (EPS) consists of the instrumentation, 
including interlocks, designed to prevent equipment on the beamline from being damaged from thermal 
loads, radiation, etc. 
 

Experiment Stations: At the APS, experiment stations are shielded enclosures that contain the 
experimenter's equipment. When beamline shutters have been closed and the personnel safety system (PSS) 
interlocks have been satisfied, personnel can enter the enclosure. The experiment stations are constructed of 
panels of lead and steel. Typically, as described above, they can contain the experiment-specific optics, 
samples stages and environments, analyzing optics, and photon detectors. 
 

First Optics Enclosure: The first optics enclosure (FOE) is a shielded experiment station containing the 
beamline optics that accept the full spectrum of the x-rays from either an insertion device or bending magnet 
and the optics that select the portion of the spectrum to be transmitted down the beamline. 
 

Front End: The front end (FE) is an ultrahigh-vacuum transition that provides for the extraction of 
radiation from the storage ring. The front end contains radiation collimators, masks, shutters, photon beam 
position monitors, and vacuum isolation valves. (The APS is responsible for the design, construction, and 
operation and maintenance of all APS front ends.) 
 

Personnel Safety System: The Personnel Safety System (PSS) consists of the instrumentation controls that 
are configured to provide for the safety of personnel using the radiation beam. 
 

White Beam: The spectrally unmodified radiation beam from the insertion device or bend magnet. 
 

2.2 Responsibilities 
 

The responsibility for the design, construction, installation, operation, and maintenance of the beamline 
components will be the responsibility of the CAT as described in The Advanced Photon Source User Policies 
and Procedures. However, the beamline components and any other equipment that is installed at the APS 
must be designed so that it conforms to all applicable safety regulations and incorporates acceptable 
measures for the protection of personnel, equipment, and the storage-ring vacuum. In general, responsibility 
is assigned as follows: 
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    2.2.1  APS Responsibilities 
 

• Design, construction, installation, operation, and maintenance of all bending magnet and insertion 
device sources. 

• Design, construction, installation, operation, and maintenance of all front-end components. 
• Design, construction, installation, and maintenance of all beamline personnel safety system 

interlocks. 
 
    2.2.2  CAT Responsibilities 
 

• Design, construction, and installation of all beamline components (including first optics, beam 
transport, additional optics, and experiment stations and any other equipment at the APS). (Note: As 
described above, interlocks and controls related to personnel safety will be installed and maintained 
by the APS.) 

• Design, construction, and installation of all the equipment inside the experiment stations, excluding 
the personnel safety system equipment. 
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3 REVIEWS: GENERAL INFORMATION (Rev. July 21, 1998) 

 
Every APS beamline is subject to the following reviews: Conceptual Design, Preliminary Design (30% 

completion), Final Design (90%), Construction Readiness, Commissioning Readiness, and Operational 
Readiness. For a given beamline, these reviews may be repeated if significant design modifications occur. 
 
Purpose 

Beamline reviews are conducted to ensure that the components and equipment are (1) optimized for the 
proposed scientific program and (2) satisfy all APS, ANL, and DOE requirements for safe operation. (The 
documentation developed for the reviews and during the review process will be kept on file in the APS User 
Office, permanently accessible for reference whenever information about the beamline is required.) In 
addition, at each review, AutoCAD drawings of the beamline and its components will be filed in the APS 
Design Exchange (DX), which will enable current electronic or paper copies of beamline layout to be accessed 
as needed. 
 
Participants 

Conceptual Design Reviews are conducted by the APS Instrumentation Feasibility Committee who report 
their findings to the APS. All other beamline reviews are conducted by the APS Beamline Review Committee, 
which is made up of members of the APS staff who can assess the beamline design, as well as construction, 
operation, and ES&H requirements. The APS may choose to expand the committee as needed in the review 
process. 
 
Process 

All reviews should be scheduled through the APS User Office. 
 
Conceptual Design Reviews 

For these reviews, 10 copies of a Conceptual Design Report (CDR) should be submitted to the APS User 
Office. Review Committee members will review the CDR and, if necessary, arrange to have the User Office 
schedule a meeting with the CAT. When the Review Committee has prepared its recommendations, it will 
transmit them to the APS for approval. 
 
Preliminary and Final Design Reviews 

For these reviews, 15 copies of a Preliminary or Final Design Report (PDR or FDR) should be submitted 
to the APS User Office. Review Committee members will review the design report, evaluating it according to 
the criteria detailed in the guidelines in Section II. This process may involve several iterations between the 
Review Committee and the CAT. 
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4 CONCEPTUAL DESIGN REVIEW  (Rev. July 21, 1998) 

A conceptual design defines the functional requirements of the beamlines in a sector. All members of a 
Collaborative Access Team (CAT) should be involved in the development of the conceptual design because the 
primary scientific objectives and programs are defined during this process. In addition, all CAT members 
should be in concurrence about the functional requirements of the beamlines. The conceptual design report 
(about 10-20 pages of text) should include the following: 
 
• A Brief Statement of the Scientific Objective of the CAT (1 page) 
 
• Rationale for the Choice of Insertion Device 

State the short- and long-term goals for the device. 
 
• Spectral Requirements 

State the spectral requirements of the beamline and describe how these requirements will be met. 
Examples of spectral requirements are monochromaticity, tunability, polarization, etc. 
 
• Optical Design 

State the optical objectives of the beamline, and describe how these requirements will be realized. 
Examples of optical requirements are 
 

• horizontal and vertical size and divergence of the beam at the experiment 
• adjustability of optical parameters to meet various requirements 
• range of variability of optical parameters 

 
State the rationale for the chosen optical design. Include alternative designs considered, if any, and the 

reasons for choosing the current design. 
 

Define the optical elements and their performance requirements. Examples of optical element design are 
 

• surface finish and surface figure 
• positional and angular stability and reproducibility 
• thermal stability 

 
Include any known information indicating that such performance criteria have been met. 

 
• Success of Overall Beamline Design 

Discuss the elements essential for the success of the beamline design, and describe the impact of any 
marginal failure in the design performance on the scientific objectives of the proposed program. 
 
• R&D Requirements 

Describe any R&D needed to meet the specifications of the design, and explain how this R&D will be 
conducted. If R&D is required to complete the final design, outline the schedule of R&D activities. State the 
backup plan to be followed if R&D does not produce the anticipated results. Is it expected that any portion of 
the R&D be carried out by the APS staff? 
 
• Drawings and Ray Diagrams 
 

    Provide a plan view and elevation view of the beamlines with sketches of supports, experiment station, 
optics enclosure, location of instruments and electronics, etc. 
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    A ray diagram with extremal rays should be shown on a separate drawing (using a 10-fold compressed 
scale along the beamline length) to assure that the apertures, slits, masks, optics, etc. have been adequately 
considered. 
 

    The purpose of these drawings is to test the proof-of-principle and the feasibility of the optical designs. 
It should be understood that these designs will change with a better definition of parameters. 
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5 PRELIMINARY BEAMLINE DESIGN REPORT -- December 5, 1994 

5.1  Preliminary Beamline Design: General Guidelines 
 

The Preliminary Design of the beamline represents an approximately 30% design level of each of the 
beamline components. This level of design permits the CAT to develop cost estimates for the construction of 
the beamline, as well as a realistic timeline for completion of the construction tasks. A committee from the 
APS has been charged with reviewing the Preliminary Design Reports and has established the evaluation 
criteria described below. 
 

The Preliminary Beamline Report is expected to expand upon the Conceptual Design Report in the 
following areas: 
 

• Beamline Layout 
• Component Design 
• Work Breakdown Structure 
• Cost and Schedule 
• Additional Operational Requirements 
• Safety Analysis 
• R&D Plans 

 
We suggest that the CATs ensure that each vendor has a valid QA and QC capability before a contract is 

signed. 
 

If an advanced plan for procurement is to be developed, the procurement department should be involved 
in this activity to ensure that the schedules are realistic. This also permits the CAT to discuss issues related to 
vendor contracts, such as the use of sole-source or fixed-price contracts, with its procurement personnel. 
 

5.2  Preliminary Beamline Design: Specific Guidance and Review Criteria 
 
5.2.1  Beamline Layout 
 

Show the layout of the beamline on the APS defined sector and include all its components. AutoCAD 
drawings of the sectors have been previously provided to the CATs. Include the assignment of space for 
electronics racks, working tables, etc. Indicate the overall plan for beamline vacuum; e.g., identify high 
vacuum and UHV segments. Demonstrate how this plan complies with the APS vacuum policy. Refer to APS 
Technical Bulletin ANL/APS/TB-9 (February 1993) for information on sector layout, utility specifications, 
and egress considerations. Indicate your overall plan for survey and alignment. Give a brief overview (in a 
few paragraphs) of the scientific program to be carried out on this beamline. 
 
Criterion 5.2.1.1 

An overall beamline/sector layout has been provided showing beamline components, personnel safety 
system components, support equipment (racks, etc.), and furniture. 
 
Criterion 5.2.1.2 

The overall beamline layout and components are compatible with the intended science. The following 
will be considered in the evaluation: 
 

• The compatibility of the selected insertion device(s) with the scientific program. 
• Choice of monochromator and mirrors and their placement. 
• Clear identification of where white beams and monochromatic beams will be propagated. 
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• CAT-specific science issues. 
 
Criterion 5.2.1.3 

Life Safety Code compliant egress aisles are indicated on the sector layout. Designs shall provide for aisles 
free of obstructions with 400' maximum distance to an exit and 50' maximum dead-end pockets. The location 
of beamline duck-unders shall be identified. 
 
Criterion 5.2.1.4 

Some indication of the survey and alignment plan is provided. If such a plan is included in the Preliminary 
Design Report, then it will be reviewed. If one is not included, then the report should include reference to the 
APS beamline survey plans. The following items will be considered for comment: 
 

• Installation and alignment procedures and tolerances. 
• Support system stability. 

 
5.2.2  Component Designs 
 

We encourage the designers to use any of the applicable Standard Component drawings currently 
available from the APS Design Exchange. Both standard and non-standard beamline components will also be 
reviewed. Safety is of primary concern; however, advice and guidance will be given to the user with respect to 
functionality and quality assurance. Present drawings of non-standard components in sufficient detail to 
allow the reviewer to evaluate the functionality of the design and the adequacy of the space allocated for the 
components. 
 
Criterion 5.2.2.1 

Each component is identified as being in one of the following categories: 
 

• APS standard components that have been adopted without modification. 
• APS standard components that have been modified (explain modifications). 
• Non-standard components. 

 
Criterion 5.2.2.2 
Adequately detailed drawings are provided for all non-standard components. 

 
Criterion 5.2.2.3 

Appropriate specifications are provided for non-standard components. Consider design aspects such as: 
 
Thermal engineering: 
 

• Thermal load on the component (identify tools used in the analysis). 
• Cooling system design and analysis (identify tools used in the analysis). 
• Material properties assumed and safety margins allowed. 

 
Mechanical design: 
 

• Motion structure design and reliability. 
• Motion/vacuum joints identified clearly. 
• Fail-safe design. 
• Motion control and interlock interface. 

 
Radiation compatibility of materials. 
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Criterion 5.2.2.4 
The Preliminary Design is in compliance with the APS vacuum policy at the component level. Non-

compliance with APS vacuum policy recommendations requires justification. The following items will be 
considered in the evaluation: 
 

• Vacuum requirement for the component. 
• Vacuum structure design. 
• Material/vacuum compatibility. 
• Coolant/vacuum joints identified clearly. 
• Vacuum materials identified. 

 
Criterion 5.2.2.5 

Optical apertures and shielding apertures are shown to be adequate. The following items will be 
considered in the evaluation: 
 

• Apertures are consistent with the beamline optical design, ray-tracing, and general layout. 
• A reasonable safety margin exists (especially for white beam). 

 
5.2.3 Work Breakdown Structure 
 

A detailed Work Breakdown Structure (WBS) should be developed to account for each of the components 
that make up the beamline. For the purposes of this review, beamline components are instruments such as 
filters, slits, masks, mirrors, monochromators, windows, beam position monitors, etc. Attachment 1 presents 
a typical WBS for a generic insertion device beamline. 
 
Criterion 5.2.3.1 

A work breakdown structure, consistent with the design and broken down to the component level, is 
provided. 
 
5.2.4  Preliminary Cost Estimates and Schedules 
 

This portion of the Preliminary Design Review is intended to ensure that costs are reasonably estimated 
and that the completion schedule is realistic. Indicate your plan for including a contingency allowance in your 
cost estimates (for example, adding contingency as a line item or building it into individual component costs). 
 

A cost estimate for the construction of each WBS item should be developed. Also, detailed schedules for 
each of the construction activities should be prepared for every WBS item, based on the information at hand. 
The total construction cost will be the sum of the following: 
 

1. Effort costs for engineering design. These activities are usually done by the scientific and engineering 
staff, design staff, and drafting staff. 

2. Cost of procurement and/or fabrication of components. In developing schedules for procurement of 
components requiring a long lead time, an advanced plan for procurement should be developed. 

3. Effort costs for assembly, inspection, testing, and installation (integration) of the entire beamline on 
the APS Experiment Hall floor, and for the checkout of the beamline. The work on inspection, testing, 
and checkout is typically done by scientists and/or engineers, while the assembly and installation 
work is usually done by support staff, technicians, etc. 

4. Cost of utilities (power cables, water pipes, valves, gas manifolds, communication cables, connectors, 
utility and cable trays, tray supports, etc.), including the costs of installation. 

 
The schedule of work should include, for each relevant element of the WBS, the proposed or actual 

starting date and a completion date for each of the following activities: final engineering design, 
procurements, fabrication tasks, assembly of components and their testing, installation (or integration) of the 
beamline, and checkout of the beamline. The last two activities are carried out in the APS Experiment Hall. We 
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strongly recommend the use of project management software, which facilitates establishment of milestones 
for the activities and measurement of their progress. Users can also use such software for resource 
management and leveling. 
 
Criterion 5.2.4.1 

Cost estimates and schedules are provided and are consistent with the WBS. 
 
Criterion 5.2.4.2  

The engineering design effort costs have been included. 
 
Criterion 5.2.4.3  

The cost estimates for procurements and fabrications are reasonable. Include the costs for: 
 

• Mechanical Components 
• Experimental Stations 
• Transports and Supports 
• Personnel Safety System and Equipment Protection System 
• Utilities 
• Survey and Alignment 
• Sum of above for each beamline 

 
Criterion 5.2.4.4  

The schedule is reasonable. In addition to giving starting and completion dates for the above-mentioned 
activities associated with each WBS element, the beamline designer should also consider developing 
schedules for the following activities: 
 

• Survey and alignment (at the site). 
• Final beamline design and safety documentation and review. 
• Safety/Interlocks documentation and installation. 
• Construction readiness documentation and review. 
• Commissioning readiness documentation and review. 
• Operational readiness documentation and review. 

 
5.2.5  Additional Operational Requirements 
 

It is important to plan the cost and schedule for finishing out the space assigned to the CAT in the 
Laboratory/Office Modules (LOMs). This includes office furniture, office partitions, and special equipment in 
the CAT laboratories. A separate document, entitled A Guide to the APS Lab/Office Modules, was sent to all 
CAT Directors in December 1993. Copies of this document are available upon request from the APS User 
Office. 
 

In addition, any special requirements for the operation of the beamline equipment should be indicated. 
APS Technical Bulletin ANL/APS/TB-9 (February 1993) describes the standard utilities provided by the APS 
in each of the sectors. Examples of special needs in the sector and in the LOM include local air-conditioning 
capability, local ventilation, exhaust for specialty or toxic gases, radioactive sample or chemical handling 
capability, electrical loads greater than the APS standard supplies, special telecommunication requirements, 
etc. 
 
Criterion 5.2.5.1  

Any special requirements for the operation of the beamline equipment are indicated. The special 
requirements will be reviewed for consistency with beamline needs and compatibility with the installed 
conventional facilities. Guidance will be sought from APS Conventional Facilities personnel as appropriate. 
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Criterion 5.2.5.2  
If white beam is to be propagated in an experimental station, a preliminary analysis of ozone production 

and the general plan for mitigation is provided. 
 
Criterion 5.2.5.3  

Cost and schedule information is provided for LOM build-out. The beamline preliminary design can be 
approved prior to the submission of this material. If provided, this information will be transmitted to the LOM 
review committee. The User Technical Interface is the users' point of contact for arranging for LOM reviews 
and construction. 
 
5.2.6  Preliminary Safety Analysis 
 

A preliminary safety analysis for the operation of the beamline should be provided. This analysis should 
address shielding requirements, safety interlock logic for the Personnel Safety System and Equipment 
Protection System, and all special needs related to beamline operations, such as the capabilities to handle 
hazardous gases, radioactivity, bio-hazards, etc. The shielding requirements applicable to most beamline 
configurations are discussed in detail in Guide to Beamline Radiation Shielding Design at the Advanced 
Photon Source, ANL/APS/TB-7. 
 
Criterion 5.2.6.1  

The shielding design is in compliance with APS shielding standards. Items to be reviewed include the 
following: 
 

• Experimental stations and beam transports meet APS shielding specifications. 
• Shielding designs that are not APS standard shielding designs are identified and an analysis of the 

shielding is provided. 
• Complete anamorphic ray tracing analysis for bremsstrahlung is provided. 
• Analysis of shielding designs is provided for special insertion devices, if any. 
• Analysis of shielding designs is provided for white-beam transports, if applicable. 
• Radiation analysis is provided for non-high-vacuum beamline components, if any. 

 
Criterion 5.2.6.2  

A preliminary safety analysis is provided for the beamline Personnel Safety System. The APS will install 
and maintain the beamline Personnel Safety System. The analysis is intended to provide feedback, early in the 
design process, on the design of the system and its ability to meet the user's needs and APS requirements. The 
Preliminary Design Report shall include the following: 
 

• For each mode of operation (e.g., personnel have access to the FOE, monochromatic beam in station 
B, etc.), the necessary configuration of beamline safety components (e.g., which shutters are closed, 
have the experimental station interlocks been satisfied, etc.) are defined. 

• The beamline layout clearly identifies the location of beamline Personnel Safety System components 
(e.g., interlocks). 

• User equipment that has the potential to interfere with or block access to Personnel Safety System 
components (e.g., audio alarms, visual alarms, station search buttons, interlock switches, etc.) is 
identified. 

• Specific problems and concerns are identified. 
 
Criterion 5.2.6.3  

A preliminary safety analysis is provided for the beamline Equipment Protection System. The safety 
analysis should demonstrate that the EPS design is compatible with the APS Equipment Protection System 
logic, and in compliance with the APS policy on white-beam beamline components. 
 

The Preliminary Design Report shall include the following: 
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• Identification of the components to be interlocked. 
• A preliminary block diagram of the Equipment Protection System. 
• A preliminary description of the computer/controller configuration and interface to APS system 

plans. 
• Identification of any special problems or concerns. 

 
Criterion 5.2.6.4  

A preliminary safety analysis is provided for program-specific hazards. Program-specific hazards such as 
the need to handle hazardous gases, radioactive materials, and biohazards should be identified and 
preliminary plans for mitigating the hazards should be addressed. Guidance will be sought from outside the 
committee as needed. 
 
5.2.7  R&D plans 
 

Many CATs are planning to carry out instrumentation R&D in preparation for the design and construction 
of certain beamline components. The Preliminary Design Report should therefore include an R&D plan and a 
list of R&D milestones and schedules. CATs should ensure consistency between R&D schedules and 
construction schedules; that is, the R&D milestones for a component should be met well before the activities 
related to its construction begin. 
 
Criterion 5.2.7.1 

R&D schedules are consistent with construction schedules. 
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Attachment 1 
 
5.0 Generic CAT Work Breakdown Structure 
 

5.1 Generic ID Beamline 
  

5.1.1 First Optics Enclosure 
5.1.1.1  User Filters 
5.1.1.2  Collimator 
5.1.1.3  Support Structure 
5.1.1.4  ID White Beam H & V Slits 
5.1.1.5  Support Structure 
5.1.1.6  ID Double Crystal Monochromator 
5.1.1.7  Integral Shutter and Stops 
5.1.1.8  Support Structure 
5.1.1.9  Dual W/M Window 
5.1.1.10  Vacuum Components (Bellows, Valves, Pumps, Gauges, etc.) 
5.1.1.11  Penetration Tube (Bremsstrahlung Shielded) 
5.1.1.12  First Optics Enclosure Hutch 

  
5.1.2  X-Ray Scattering Station 

5.1.2.1  6" I.D. Pipe & Stand 
5.1.2.2  Dual W/M Window 
5.1.2.3  Integral Shutter & Stops 
5.1.2.4  Support Structure 
5.1.2.5  Vacuum Components (Bellows, Valves, Pumps, Gauges, etc.) 
5.1.2.6  Penetration Tube (Bremsstrahlung Shielded) 
5.1.2.7  X-Ray Scattering Hutch 
5.1.2.8  Shielded Cabinet (2) 
5.1.2.9  Support Structure 
5.1.2.10  Spectrometer 
5.1.2.11  Slits 
5.1.2.12  Detectors 
5.1.2.13  NIM Electronics 
5.1.2.14  Additional Equipment 
5.1.2.15  Data Acquisition/Motion Controls 

  
5.1.3  End Station 

5.1.3.1  Mono Beam H & V Slits 
5.1.3.2  Support Structure 
5.1.3.3  Shielded Cabinet 
5.1.3.4  4" Shielded Transport (2) 
5.1.3.5  4" I.D. Shielded Bellows (1) 
5.1.3.6  Mono PBPM 
5.1.3.7  Support Structures 
5.1.3.8  Window 4" I.D. 
5.1.3.9  Shielded Cabinet 
5.1.3.10  Penetration Tube (Bremsstrahlung Shielded) 
5.1.3.11  ID Diagnostic Station Hutch 
5.1.3.12  Data Acquisition/Motion Controls 
5.1.3.13  Support Structure 
5.1.3.14  Diffractometer 
5.1.3.15  Detectors and NIM electronics 
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5.1.4  Personnel Safety Interface 
  
5.1.5  Equipment Protection Interface 
  
5.1.6  Beamline Controls 
  
5.1.7  Survey and Alignment 
  
5.1.8  Power and Utilities
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Final Beamline Design Report 

Guidelines and Review Criteria (SCD 1.20.95) 

 
  

6 Final Beamline Design Report (FDR) Overview 

The Final Beamline Design Report is part of the Advanced Photon Source (APS) beamline review process 
and should be planned for when approximately 90% of the total beamline design has been completed. Fifteen 
copies of the FDR are to be submitted to the APS Users Office. Approval of the Collaborative Access Team's 
(CAT) designs described in the report is required prior to installation of beamline components in the APS 
Experiment Hall. Components that have a long lead time for design or procurement can be reviewed 
separately from the remainder of the beamline, but enough information must be provided so that the 
reviewer can understand the context in which the component is to be used. Those components which are part 
of the APS standard component list need not be reviewed for their individual performance; however they 
should fit into the general scheme of the total beamline performance. 
 

The review of the Preliminary Beamline Design Report (PDR) focused on the layout of the beamline as a 
whole and at a level that would permit the beamline components to be designed independently of each other. 
The final design report will focus on aspects of safety, scheduling, required APS support, and updating the 
information provided in the PDR. The topics to be covered in the FDR are: 
 

• Layout Update 
 Identify changes from PDR layout 
 Provide survey plan and include expected APS support 
 Update the ray traces provided in the PDR 

• Component Design Update 
 Provide component final design (reference if APS standard components are used) 
 Assure compliance with the APS beamline vacuum policy 

• Schedule 
 Update PDR Work Breakdown Structure (WBS) based schedule 
 Provide installation schedule 
 Identify expected APS craft support and provide schedule 
 Provide survey schedule 

• Safety 
 Provide final Personal Safety Systems (PSS) requirements 
 Provide Equipment Protection Systems (EPS) logic and interface requirements 
 Describe final shielding design 
 Identify chemical, electrical, fire, and other hazards that impact beamline design, and 

describe means to mitigate the identified hazards 
 Identify program-specific hazards (e.g., high powered lasers, biohazards, chemical, etc.) 

• Special Operating Requirements Update 
 Identify special conventional facilities requirement 

 
All significant changes from the information provided in Preliminary Design Report (PDR) should be 

clearly noted. (Significant in the sense that the changes will affect the scope of the beamline capabilities, 
functionality, constructability, or safety.) 
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Beamline designers should keep in mind in the design process that, as part of the Installation Readiness 
Review, the beamline components will be reviewed for compliance with standards such as NEC and those 
specified in the ANL ESH manual. 
 

In reviewing design reports, the APS will note concerns that have been identified, but, ultimately, it is the 
CAT's responsibility to build and operate a productive facility that meets applicable safety standards. 
 
  

Final Beamline Design Report Review Criteria 

6.1  Layout Update 
 
Criterion 1.1 

A plan and elevation of the beamline layout has been provided with clearly identified beamline 
components (e.g., slits, shutters, mirrors, monochromators, shutters, stops, etc.), beamline support facilities 
(e.g., beamline controls and data acquisition electronics, compressed gas storage areas, etc.), and aisle ways. 
CAD files of the layout have been provided to the Design Exchange. 
 
Criterion 1.2 

Changes from the PDR layout have been clearly identified, and the impact on the beamline functionality is 
described. 
 
Criterion 1.3 

A survey and alignment plan has been provided including the general scheme and the required survey 
fiducials. 
 
Criterion 1.4 

Utility distribution is specified. This may be done with a layout drawing that clearly shows, as 
appropriate, information such as: tap, outlet, and breaker locations, pipe sizes, identification of electrical 
circuits, design of utility support structures, locations of heat exchangers, etc. 
 
Criterion 1.5 

Changes from the PDR ray traces for optical apertures and bremsstrahlung shielding have been provided 
with the changes from the PDR ray traces clearly identified. 

6.2  Component Design Update 
 
Criterion 2.1 

Updated drawings, typically assembly drawings, and/or performance specifications have been provided 
for each beamline component at a level so that the reviewer can understand how the device is to function. 
 
Criterion 2.2 

Documentation that the beamline is in compliance with the Vacuum Policy for APS Beamlines (refer to 
ANL/APS/TB-14) has been provided. The vacuum levels in each beamline segment and the location of in-
vacuum, liquid-coolant joints should be indicated. 
 
Criterion 2.3 

Beamline components were identified in the PDR as being either standard components, modified 
standard components, or user designed devices. State what changes, if any, there have been in any 
components. 
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6.3  Schedule 
 

WBS-based schedule information has been provided with the FDR and will provide the basis for 
proceeding with the beamline construction. Much of the schedule information required in the FDR is the 
useful to both the APS as well as the CAT to ensure that the required resources can be provided. 
 
Criterion 3.1 

An installation schedule has been provided. The schedule should identify design, 
fabrication/procurement, installation, hook-up, and commissioning activities at a beamline-component level. 
 
Criterion 3.2 

Components that will be procured through the APS are identified, and the required delivery date 
provided. 
 
Criterion 3.3 

A schedule for APS support is included for: 
 

• skilled trade support (e.g., electricians, plumbers, etc.) 
• survey and alignment 
• Personnel Safety System installation and check-out 

 

6.4  Safety 
 
Criterion 4.1 

The PSS requirements of the beamline have been provided, including: 
 

• Identify components that need to be interlocked 
• Identify components that need administrative control, and describe the nature of the administrative 

control (who needs to do what) 
• Indicate the location of PSS hardware (e.g., control panels, search buttons, routing of PSS wire-ways, 

etc.) 
• Provide a logic table to describe the configuration of the beamline components for the different 

modes of a beamline (e.g., monochromatic, white beam, station pass through, off-line, etc.) 
• Provide a logic table to describe the required status of the beamline components to define the access 

to each experimental station (i.e., station secured no personnel access, personnel access permitted to 
station, or station administratively off-line). 

 
If this information was provided with the PDR, any changes should be noted. 

 
Criterion 4.2 

An updated EPS description has been provided. An identification of monitored components, the design 
logic, and interface requirements should be included. If this information was provided with the PDR, any 
changes should be noted. 
 
Criterion 4.3 

The specification of beamline shielding is provided. 
 

• Describe the type of radiation to be propagated (white, monochromatic, or "pink") in each portion of 
the beamline 

• Identify where non-APS designs were used for shielding 
• If shielding other than the APS standard design is used, an analysis must be provided assuring the 

shielding meets the same design criteria as described in ANL/APS/TB-7 and ANL/APS/TB-20 
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If this information was provided with the PDR, any changes should be noted. 
 
Criterion 4.4 

The ozone hazard created by the beamline is described, as is the plan to mitigate the hazard. (Refer to 
Guidelines for Ozone Mitigation at the APS, within ANL/APS/TB-14.) 
 
Criterion 4.5 

Identify chemical, electrical, high power lasers, biohazards, and any other hazards that will impact 
beamline design, and describe the plans to mitigate these hazards. When the hazards are beyond the 
expertise of the Beamline Design Review Committee, then advice and review will be sought from outside the 
committee. 
 

• For beamline electrical/electronic instrumentation, identify potential electrical hazards and 
mitigation plans (e.g., grounding plans for ion pumps and vacuum chamber with ion gauges) 

• Beamline designs may need to incorporate the means to mitigate hazards associated various 
chemicals. Identify hazardous materials storage areas, exhaust systems, gas handling systems, etc., 
and describe the plans for mitigating the hazards 

 
Criterion 4.6 

Identify potential fire hazards including quantities of flammable liquids and gases in experimental 
stations and along the beamline. Identify enclosed areas that will be occupied during normal operations (e.g., 
a sample preparation clean area with roof). Of course, experimental stations are not occupied during normal 
station operations. 

6.5  Special Operating Requirements Update 
 
Criterion 5.1 

Identify special, (i.e., those beyond the capacities described in ANL/APS/TB-9) conventional facilities 
requirements. 
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7 Beamline Construction (Rev. July 21, 1998) 

After the beamline Final Design Report has been reviewed and approved, the CAT can begin the 
installation of the beamline components on the experiment hall floor. The typical sequence of beamline 
installation is: 
 

1. experiment stations constructed, 
2. PSS and utilities installed, 
3. PSS and shielding validated, and 
4. beamline components installed. 

 
Because access to the stations is needed to verify the integrity of the station shielding, in general, 

beamline components should be installed after the shielding has been verified or arrangements have been 
made with the beamline commissioning team. 
 

Prior APS approval is required for all installations and modifications of permanent structures in the APS 
experiment hall and LOMs. If the facility design has not been explicitly approved via the beamline design 
review process described above in parts 3 and 4 and in the beamline design report guidelines in Section II, 
then the CAT shall submit its designs, including a written programmatic justification to the User Technical 
Interface Group Leader, who will coordinate the design review and approval. 
 

For the installation of beamline and LOM facilities, the APS will make licensed and qualified electricians, 
pipe fitters, carpenters, and other "skilled trade" workers available to APS users for those beamline 
construction and installation tasks (hutch installation, electrical distribution, pipe fitting, etc.) that require 
these types of workers, and for any other tasks that users wish to have done by such workers. User 
institutions may not contract directly with contractors for any construction work on the APS site. (Refer to 
the User Policies and Procedures for Use of Third-Party Contractors at the APS for details.) Examples of 
construction work include: 
 

• Changes to the physical plant, including any drilling into floors, walls or ceilings, or altering of any 
permanent structure. 

• Use of industrial lifts, scaffolds or cranes. 
• "Hard-wire" installation or tie-in to facility utilities, including electrical, plumbing, ventilation, or 

water systems. 
 

Contact an APS Floor Coordinator to arrange for on-site time and materials construction support. 
 

It is recommended that, early in the utility design process, the CAT designers contact an APS Floor 
Coordinator to arrange for a review of the conceptual layouts and installation plans. The APS engineering 
support will work with the CATs to address facility tie-ins, available utility options, and contractor services. 
 

The CAT is responsible for keeping current beamline and facility drawings on file with the APS. Drawings 
should be kept updated to reflect as-built conditions and, as facilities change, should be submitted as design 
report updates.
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8 Beamline Commissioning (Rev. July 21, 1998) 

A beamline commissioning process has been instituted to ensure that all systems are in place so that a 
beamline can perform in a safe and efficient manner. The APS will: 
 

• verify that CAT safety management plans are in place, 
• ensure the radiation source safeguards are operational, 
• ensure the front end is operational and its safeguards, the equipment protection system and the 

personnel safety system, are operational, 
• install, maintain, and validate the beamline the personnel safety system (PSS), and 
• validate the integrity of the beamline shielding. 

 
The beamline commissioning is coordinated by the XFD Associate Division Director for Operations (ADD-

Ops). A Beamline Commissioning Readiness Review Team (BCRRT), composed of APS and CAT 
representatives is formed to develop the specific plans for the beamline commissioning. For more 
information about the commissioning process contact the ADD-Ops. 
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SECTION II.  BEAMLINE-RELATED POLICIES 

1 Service-Corridor, Exit Aisles and Duck-Unders on the APS 
Experiment Hall Floor (May 1994) 
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2 Guidelines for Ozone Mitigation at the APS (May 1994) 

 
 

 ACGIH Threshold Limit Values  (1993-194) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reviewed and updated January 11, 2011 
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